Introduction {#Sec1}
============

Traumatic brain injury (TBI) remains the largest contributor to trauma-related mortality worldwide with considerable economic and social impact, particularly, for affected individuals, their families and socioeconomic systems \[[@CR1]\]. Despite regional differences in incidence and severity across different areas of the world, TBI and its consequences result in a significant overall burden of disease \[[@CR2]\]. Regional differences include patient characteristics, etiology and case management strategies \[[@CR3], [@CR4]\]. Severe TBI seems to occur with two incidence peaks in high-income countries. The first one in young adulthood (16--35 years) closely linked to active lifestyle and a second---rapidly progressing one---in the elderly who are often receiving polypharmacological therapy, especially oral anticoagulation \[[@CR5]--[@CR7]\]. A similar pattern has also been observed in Austria \[[@CR8]\].

The state of Tyrol in Austria is internationally renowned for its popular winter sport resorts---especially skiing areas---and is hosting guests from all over the world with a seasonal peak during the Easter holidays. In 2018, around 5700 skiing accidents/year were observed in Tyrol \[[@CR9]\]. TBI is the leading cause of death among skiers and snowboarders and accounts for 3--15% of winter sports-related injuries. In Austria, 5% of all TBIs are sports-related, whereas 50% are related to falls at home, especially in the elderly population \[[@CR8], [@CR10], [@CR11]\]. Importantly, a significant proportion of sports-related TBI in Austria occurs to visitors with a seasonal peak in winter \[[@CR12]\].

In December 2019, the first pneumonia cases of unknown origin were identified in Wuhan, China \[[@CR13]\]. The identified pathogen, named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), rapidly emerged to become a global health concern also affecting acute surgical care \[[@CR14]--[@CR16]\]. In February 2020, Tyrol became increasingly affected by the coronavirus disease (COVID-19). A massive outbreak began in the district of Landeck, home to large and popular skiing areas. Due to the fast-increasing number of infections, the district of Landeck was put under quarantine on March 14th 2020, followed by the whole region of Tyrol on March 15th 2020. This resulted in the closure of all ski resorts, hotels and a curfew for all inhabitants, including a ban of outdoor sport activities. Furthermore, local regional and hospital task forces determined that all elective surgeries had to be postponed and only emergencies should be addressed in order to maintain ICU capacities for COVID-19 patients. These drastic measures to stem the pandemic also influenced the neurosurgical workflow, which tries to maximize the capability to provide neurosurgical care to patients while reducing the risk for health-care providers to a minimum \[[@CR17], [@CR18]\]. The aim of the present study was to evaluate the influence of the "COVID-19"---quarantine measures on neurosurgical caseload and injury pattern of TBI patients in the state of Tyrol during 3 weeks, in which the strictest quarantine rules were in place.

Methods {#Sec2}
=======

Setting {#Sec3}
-------

Strict quarantine sanctions in the federal state of Tyrol lasted from March 16th until April 6th, 2020. We retrospectively compared 3 weeks within the 2020 quarantine period with the respective time periods from 2016 to 2019. Importantly, March and April are within the peak season for winter sport tourism in Tyrol. As our department is the only neurosurgical unit in Tyrol, patients with moderate or severe TBI are transferred to our hospital, which is a level-1 trauma center by default. Mild TBI patients are presented teleradiologically by referring hospitals and/or are transferred if necessary.

Patients {#Sec4}
--------

Demographic variables, patient history \[cause of TBI, initial Glasgow Coma Score (GCS)\], type of surgery, lesions, anticoagulation therapy and mortality were collected from routine medical data records, and imaging data were obtained from initial CT scans. All patients were treated according to the Brain Trauma Foundation (BTF) guidelines \[[@CR19], [@CR20]\]. Lesions included epidural hematomas, acute subdural hematoma, chronic subdural hematoma (if the causative fall occurred within the observation period), diffuse axonal injury, intracerebral contusions, hemorrhage, and bone injuries of the skull, skull base or midface.

The study was approved by the local ethics committee of the Medical University Innsbruck (Protocol number: AN2020-1050).

Statistical analysis {#Sec5}
--------------------

Statistical analyses were conducted using IBM SPSS Statistics \[version 21 (IBM Corp., Armonk, New York, USA)\] unless otherwise stated. The distribution of categorical variables across the different years was assessed with a chi-square and Fisher exact test. The Shapiro--Wilk test was used to assess normal distribution of continuous data. For normally distributed data, a 1-way ANOVA followed by a Dunnett's post hoc test was done to compare all other years to 2020, whereas a Kruskal--Wallis test with a Dunn's multiple comparisons test (GraphPad Prism 8) was used for non-parametric data.

Results {#Sec6}
=======

We identified 122 TBI patients (*n* = 73, 60% males) in the analyzed 3-week interval (March 16th--April 5th) within the 5 year period (2016--2020). Of those, 20 patients with mild TBI and minor injuries stayed in a peripheral hospital for clinical observation and repeated imaging examinations if indicated. During the strict quarantine in 2020, the weekly number of TBI patients was significantly decreased in comparison to 2016, 2018 and 2019 (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Weekly number of TBI cases. In comparison to 2020 (mean 4.3, SD. 1.5), the number of weekly TBI cases in the study period was significantly lower in 2016 (mean 9.3, SD. 2.1, *p* \< 0.036), 2018 (mean 10.3, SD. 0.6, *p* = 0.013), and 2019 (mean 9.3, SD. 3.2, *p* = 0.036), but not in 2017 (mean 7.3, SD. 1.5, *p* = 0.256). The previous years were compared to 2020 with a One-way ANOVA followed by a Dunnett's post hoc test (*p* values are also shown in the graph)

The mean age at trauma was 58 years (range 0--96 years, IQR 43 years), with the oldest patient population presenting during the pandemic (only significantly different in comparison to 2016, *p* \< 0.029, not the other years). In 86 patients, TBI was classified as mild (71%), in 8 patients as moderate (7%) and in 36 patients as severe (30%). 36 patients (30%) received anticoagulation therapy. The mortality rate was 11% (*n* = 13) among all patients (Table [1](#Tab1){ref-type="table"}). In summary, there were hardly any statistically significant differences in the demographic categories between the years, but we did observe a significant decline in TBI cases per week within the quarantine period.Table 1Baseline characteristicsYear (*n*)Age, years\
\[median (IQR)\]Male sex\
\[*n*(%)\]Initial GCS\
\[median (IQR)\]TBI grade I\
\[*n*(%)\]TBI grade II\
\[*n*(%)\]TBI grade III\
\[*n*(%)\]Oral anticoagulation\
\[*n*(%)\]Mortality\
\[*n*(%)\]2016 (28)47 (37)^\*^20 (71)14 (6)17 (61)5 (18)6 (21)4 (14)5 (18)2017 (22)69 (49)11 (50)15 (2)18 (82)1 (5)3 (14)8 (36)1 (5)2018 (31)64 (49)18 (58)15 (6)21 (68)1 (3)9 (29)12 (39)3 (10)2019 (28)57 (33)18 (64)15 (3)21 (75)1 (4)6 (21)8 (31)2 (7)2020 (13)79 (33)6 (46)15 (2)9 (69)0 (0)4 (31)4 (31)2 (15)Total (122)58 (43)73 (60)15 (2)86 (71)8 (7)28 (23)36 (30)13 (11)Baseline characteristics of TBI patients in the study period from March 16th--April 5th of all assessed years (2016--2020). The median age was significantly lower in 2016 compared to 2020 (\**p* \< 0.029), apart from that there were no significant differences between the years*GCS* Glasgow Coma Scale

Causes of TBI are demonstrated in Fig. [2](#Fig2){ref-type="fig"}. Notably, we observed a relative increase in low-impact falls at home, which occur predominately in the elderly, and no alpine sports-related TBI during the full lockdown period. The reduction in the weekly rate of sport injury-induced TBI was only significant in comparison to 2019 (*p* \< 0.012) and not to the other years. Different TBI-related lesions and injuries as well as the need for operative management are shown in Table [2](#Tab2){ref-type="table"}. During the COVID-19 pandemic, a significantly lower number of TBI patients had concomitant skull fractures.Fig. 2Causes of TBI cases. Causes of TBI in the period from March 16th--April 5th of all assessed years (2016--2020) shown as percent of total cases per study period of each year. There were no significant differences between the yearsTable 2Diagnosis and managementYear (*n*)EDH \[*n*(%)\]Chronic SDH \[*n*(%)\]Acute SDH \[*n*(%)\]Contusion \[*n*(%)\]IVH \[*n*(%)\]Diffuse brain injury\
\[*n*(%)\]Skull fracture^\*^ \[*n*(%)\]ICP monitoring \[*n*(%)\]Surgery \[*n*(%)\]2016 (28)3 (11)2 (7)9 (32)1 (4)2 (7)3 (11)12 (43)2 (7)8 (30)2017 (22)4 (18)1 (5)14 (64)0 (0)0 (0)3 (14)6 (27)2 (9)8 (36)2018 (31)4 (13)3 (10)11 (36)0 (0)1 (3)5 (16)20 (65)3 (10)9 (29)2019 (28)1 (4)6 (21)8 (29)0 (0)2 (7)2 (7)13 (46)1 (4)9 (32)2020 (13)0 (0)1 (8)5 (39)0 (0)0 (0)2 (15)2 (15)0 (0)0 (0)Total (122)12 (10)13 (11)47 (39)1 (1)5 (4)15 (12)53 (43)8 (7)34 (28)Diagnosis and management of TBI patients in the study period of the years 2016--2020. Surgeries include EVDs for ICP monitoring, burr holes, craniotomies, and craniectomies. There was a significant difference in the distribution of skull fractures across the years (\**p* \< 0.016). All other variables did not differ significantly between the years*EDH* epidural hemorrhage, *SDH* subdural hemorrhage, *IVH* intraventricular hemorrhage, *ICP* intracranial pressure, *EVD* external ventricular drains

Discussion {#Sec7}
==========

Traumatic brain injury remains a global health issue due to a variety of reasons. However, regional differences exist, which are strongly influenced by preventative measures and age distribution among the population. In the Western civilization, we are witnessing a strong increase in TBI occurring in the elderly, but the incidence of TBI is also influenced by our leisure behavior. Our study provides first insights into the influence of the "COVID-19"-quarantine on the neurosurgical TBI caseload in a highly affected region during a strict quarantine period. Since our institution is the only neurosurgical department treating TBI in the federal state of Tyrol, we are able to analyze comprehensive data surveying the lockdown period and compare it to previous years.

Hospital/Medical resources were focused to ensure available intensive care capacities for patients with severe coronavirus infections. As in most other neurosurgical institutions from affected regions, elective surgeries were canceled. However, all emergent cases were still taken care of. This remains crucial as several neurosurgical conditions---especially TBI---most often require prompt surgical care and delaying treatment may negatively affect outcome \[[@CR17]\]. In the hospital, we had COVID-19 and non-COVID-19 areas for inpatients and patients needing intensive care. All emergency cases were screened for a potential infection. During the height of the pandemic, acute patients were considered as positive with all related consequences until proven otherwise.

Additionally, we have to keep in mind that that prior coronavirus-related pandemics have reported high numbers of neurological sequelae such as large vessel stroke and infectious complications \[[@CR21]\]. The influence of COVID-19 on TBI patients is currently unknown. Notably, both conditions lead to a coagulopathy \[[@CR22], [@CR23]\]. However, pneumonia during the acute setting leads most likely to worse outcome and increased length of stay \[[@CR24], [@CR25]\]. Furthermore, early tracheostomy might be beneficial for TBI patients \[[@CR26]\]. However, this seems unlikely for patients with COVID-19 infections.

The implemented quarantine measures, such as curfews and the closure of skiing areas, aimed to reduce the spread of COVID-19 \[[@CR27]\]. These restrictions most likely led to the statistically significant decrease in the average TBI case load per week observed in our study (Fig. [1](#Fig1){ref-type="fig"}). No TBI patient met the clinical criteria for polytrauma during the COVID-19 quarantine period. Possible explanations include less risky activities during quarantine and mild TBI patients avoiding presentation to the hospital for fear of infection. Although the mean age was the highest during the pandemic, this was only significant in comparison to 2016. One could speculate, that this would have changed if we would have investigated a longer time period or a larger cohort. However, on April 6th, 2020, full quarantine measures in the federal state of Tyrol ended and the same, less stringent, rules for social distancing as applied for the rest of Austria were implemented. With this first study, we wanted to analyze the impact of strict quarantine measures on the TBI landscape.

Visitors contribute to 9.2% of all TBI cases in Austria, with a seasonal peak in winter, and 20% of all skiing or snowboarding accidents are TBIs (which are also the most common cause for hospitalization) \[[@CR12], [@CR28]\]. Expectedly, we did not see a single patient with alpine sports-related injuries and subsequent TBI within the lockdown period. Interestingly, concomitant skull fractures significantly decreased during the pandemic as well. This probably reflects different injury causes.

Falls are the major cause for TBI worldwide, mostly affecting the elderly and being the leading cause of death for persons 65 years of age or older \[[@CR11], [@CR29], [@CR30]\]. Corresponding to our findings, the risk of ground level falls resulting in TBI is known to be rising with age \[[@CR31], [@CR32]\]. Reason for this are mostly trivial falls (from furniture or from tripping/stumbling) due to multifactorial unsteady gait or polypharmacological therapy \[[@CR7], [@CR33]\]. But despite a massive increase in people staying at home and reduction of daily activities, we did find a relatively unchanged incidence in low-impact falls, despite age of TBI being the highest during the quarantine period.

Several limitations need to be acknowledged in our study, being not only retrospective the most obvious one, but also inevitable under these specific conditions. This study also contains low case numbers because of the limited time period, in which the full restrictions were in place. We cannot guarantee, that all patients were referred to our department. As being the only neurosurgical department treating moderate and severe TBI cases in the state, this is less likely the case in this cohort. However, mild TBIs are often underreported and have been referred as the "silent epidemic" even before the current COVID-19 pandemic \[[@CR5], [@CR34]\]. We believe, that the number of mild TBIs not seen by primary care or in hospitals was probably even more likely to be underreported during the quarantine period.

Conclusion {#Sec8}
==========

In summary, our study demonstrates a change of the TBI landscape in Tyrol during the COVID-19 pandemic. However, TBI patients particularly after falls at home remain a relevant cohort which require time-sensitive treatment also under strict quarantine conditions. Therefore, appropriate strategies to prioritize and rationing neurosurgical care are required also during a pandemic \[[@CR17], [@CR35]\].
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